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show tensile stresses at interior points of a simple gravity section unless ten-
sion also exists at some point on the face of the masonry. However, any
unusual condition tending to develop tension at any point whatever should be
avoided, which leads to

RULE 4, GOVERNING INTERNAL TENSION:

The dam shall be designed and constructed in such manner as to avoid or ade-
quately provide for tension on interior planes, inclined, vertical, or horizontal.

The application of this rule is complicated and cannot readily be carried
along in the step-by-step application of the other rules for the design of a dam.
Ordinarily, it is not a determining factor in design. Hence, the normal pro-
cedure is to complete the design without regard to Rule 4 and then to test
for internal tension. Rules for computing internal stresses are given in
Chapter 12.

6. Margin of Safety. All design factors contributing to the permanent
safety of a dam should be chosen with care and should be conservative. A
careful estimate of the weight of the dam should not vary more than 1 or 2
per cent from the actual weight, and the weight and pressure of the water are
closely known. The maximum depth of water should include liberal allow-
ance for the highest possible flood, and waves and seiches should be provided
for if required, in order that the assumed water load surely shall not be
exceeded. Allowances for uplift, earthquake forces, silt, and ice pressures
must be adequate. The assumed safe sliding factor, foundation strength, and
concrete or masonry strength must be conservative. If all these factors are
carefully chosen, the dam, if properly designed and constructed, will be safe.
If the foundation is rock, there is an additional element of safety because of
the adhesion of the concrete to the foundation. To this feature alone can be
attributed the continued existence of a number of poorly designed dams.
These considerations lead to

RULE 5, GOVERNING THE MARGIN OF SAFETY:
All assumptions of forces acting on the dam shall be unquestionably on the
safe side, all unit stresses adopted in design shall provide an ample margin
against rupture, and the adopted safe sliding factor or shear-friction safety factor
shall be conservative.

The term "factor of safety" as used in structural design is directly applicable
to hollow dams and arch dams through the stress equations, but the term is
less directly applicable to gravity dams. It is sometimes said that a gravity
dam, with the resultant, reservoir full, at the downstream middle third point
has a factor of safety of two against overturning. This statement comes from
the fact that doubling the active overturning moment in such a dam of tri-
angular form with vertical upstream face will move the resultant out to the
downstream face. Actually, failure by crushing would occur before the